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Abs t rac t  There are few objective 
means by which disability caused by 
low back pain (LBP) can be quanti- 
fied. The purpose of this study was 
to investigate the usefulness of  mo- 
tion measurements in the assessment 
of LBR The motion characteristics 
of 138 LBP subjects were investi- 
gated, and the data compared with a 
previously published database of 
normal subjects. Values of range of 
motion and angular velocity were 
obtained for all subjects in each 
plane of motion. Analysis of these 
motion characteristics demonstrated 
significant differences (P < 0.0001) 
between the two populations; how- 

ever both populations demonstrated 
considerable intersubject variation. 
Multiple regression analysis revealed 
that some of the variance in the LBP 
population was attributable to the un- 
derlying diagnosis. Patients with a 
spondylolisthesis tended to be hyper- 
mobile whilst those with spinal 
stenosis, disc prolapse or degenera- 
tive disc disease tended to be hypo- 
mobile. All diagnostic groups 
showed impairments in their velocity 
characteristics. 
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Introduction 

It is estimated that 50-80% of the population will experi- 
ence some form of disabling low back pain (LBP) at some 
point in their lives [29], with the prevalence of LBP in the 
UK lying between 12 and 35% [15]. The National Back 
Pain Association [30] estimated that £5 billion (ca. $8 bil- 
lion) is lost each year in the UK as a result of lost output 
from LBP, with 93 million certified days of sickness ab- 
sence in 1992/3 as a result of LBE This results in a yearly 
treatment bill of over £480 million (ca. $768 million) to 
the National Health Service. 

The medical management of LBP patients is based 
upon clinical history and physical findings, and the mea- 
surement of motion forms a fundamental component of 
this examination. The measurement of motion has the ad- 
vantage of being more objective and quantifiable than the 
assessment of subjective measures such as pain [21]. Pan- 
jabi et al. [31] postulated that abnormal spinal mechanics 

would be associated with abnormal spinal motion. How- 
ever, to designate a motion as abnormal presupposes a 
knowledge of what is normal. Recent studies have devel- 
oped comprehensive databases of normal lumbar spine 
motion [7, 24]. Unlike previous investigations of normal 
spinal motion [18, 28], they provide angular values of  mo- 
tion in each plane of motion. 

Measurements of trunk range of motion (ROM) have 
frequently been used to make diagnostic, prognostic, and 
therapeutic decisions [8, 14, 27]. Gianturco [9], using a 
planar X-ray technique, was the first to note that the mo- 
tion of LBP subjects deviated from the normal pattern of 
motion. Pearcy [32] expanded upon this technique, devel- 
oping the biplanar radiography method for assessing in- 
tersegmental motion. However, there are limitations to its 
usage in routine investigations, not least its cost and com- 
plexity. In 1984 Mayer et al. [22] used the double inclino- 
metric method to identify differences in the ROM of nor- 
mal and LBP subjects. The usefulness of such measure- 
ments was disputed by Bogduk and Twomey [4], who 
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conc luded  that they provide  only a non-speci f ic  index of  
spinal  function.  

In c l in ical  pract ice  it is often the observat ion  of  how 
the subjects  move ,  as opposed  to how far they move ,  that 
is of  interest.  A number  of  studies have  conf i rmed  the im- 
por tance  of  ve loc i ty  measurement ,  a lbei t  in combina t ion  
with cl inical  observat ion,  to the assessment  of  LBP  im- 
pa i rment  [1, 16, 19, 20, 26]. More  recent  invest igat ions  
stressed the re levance  of  h igher  order  der ivat ives  of  mo-  
t ion (i.e. ve loc i ty  and accelerat ion) ,  and presented  com-  
p lex  mot ion  mode l s  to assist  in d i scr imina t ing  be tween  
normal  subjects  and different  d iagnost ic  ca tegor ies  of  
LBP  subjects  [21. 

Overal l ,  it appears  that an exami~a t ion  of  the dynamic  
character is t ics  of  mot ion  would  be of  benefit .  Pre l iminary  
inves t igat ions  into dynamic  mot ion  in a small  sample  (20 
subjects)  of  the LBP popula t ion  suppor t  this argument  
[23]. However ,  as a resul t  of  the smal l  popula t ion  size in 
this previous  study, the inf luence o f  d iagnos is  on present-  
ing mot ion  was not  considered.  The dynamic  mot ion  
character is t ics  of  the normal  popula t ion  have been inves-  
t igated in depth and have shown an age and sex effect  and 
great  var ia t ion be tween  subjects  [24]. Therefore,  the a im 
of  this paper  was to invest igate  the dynamic  mot ion  char-  
acterist ics of  the LBP popula t ion ,  and to invest igate  the 
re la t ionship be tween  under ly ing  pa tho logy  and present ing 
mot ion  character is t ics  using a non- invas ive  technique.  

Materials and methods 

Study population 

Over a 2-year period, 138 subjects (76 male, 62 female) presenting 
to the hospital's outpatient clinic with LBP were recruited into this 
study. From radiographic and clinical findings the LBP patients 
were subdivided into one of the following diagnostic groups by an 
orthopaedic consultant blind to the results of the motion analysis: 

i. Disc prolapse (DP): patients presenting with classical radicu- 
iopathy and evidence of disc prolapse at ~:he appropriate level on 
MRI scan 

2. Degenerative disc disease (DDD): patients presenting with LBP 
with or without non-radicular leg pain, in association with loss of 
disc height on plain radiology, or reduction in the disc water signal 
on T2-weighted MRI scans 

3. Spondylolisthesis: patients presenting with LBP with or with- 
out radicular leg pain in association with an isthmic or degenera- 
tive cause with a 25% slip or more 

4. Stenosis: patients presenting with LBP with neurogenic clandi- 
cation in association with evidence of spinal canal stenosis on CT 
scan 

5. Non-specific LBP (NSLBP): patients presenting with LBP 
without radicular leg pain and without clinical or radiological fea- 
tures of lumbar spine pathology 

These subjects were compared with a previously generated data- 
base of normal motion characteristics obtained from 203 normal 
subjects (103 male and t00 female). Details of the numbers and 
mean age in each group are shown in Table 1. 

Table 1 Classification of low back pain (LBP) subjects based on 
underlying pathology (NSLBP non-specific low back pain, DP disc 
prolapse, DDD degenerative disc disease) 

Diagnostic group No. of LBP subjects Age 
(mean + SD) 

Normal 203 39.8 + 13.1 
NSLBP 25 41.4 + 13.4 
DP 33 35.2 + 8.5 
DDD 57 a 51.1 + 11.0 
Spondylolisthesis 12 37.8 + 15.9 
Stenosis 11 54.9 + 14.3 

a Twenty-four percent of the DDD subjects presented with radicu- 
lar pain 

Measurement equipment 

All measurements were made using a computerised triaxial poten- 
tiometric analysis system (CA-6000 Spinal Motion Analyser, OSI, 
California, USA). This system consists of a link arm incorporating 
six high-precision potentiometers connected through several bars: 
three in the sagittal plane to allow the determination of antero-pos- 
terior (A-P) flexion-extension; two in the frontal plane to detect 
lateral bending; and one in the transverse plane to detect rotation. 
The link arm is attached to the subject via two harnesses, one 
around the chest at the level of the thoracolumbar junction, and the 
other around the pelvis at the level of the posterior superior iliac 
spines (Fig. 1). Thus, the system measures the gross movement oc- 
curring between the thorax (below the level of T12) and the pelvis 
above the level of the lumbosacral joint. The precision and re- 
peatability of this system have been previously described [24]. The 

Fig. 1 Positioning of the link arm and harnesses on a subject 
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possibility of errors induced by movement of these harnesses and 
the overall test procedure were assessed in a repeatability study 
that investigated the intra- and interobserver errors [24]. The re- 
sults of this study showed that observer errors were minimal (in- 
terobserver repeatability mean difference of 2.4 ° + 3.3 ° ROM flex- 
ion). It was noted that during the test procedure the movement of 
harness systems over the skin surface was limited, at < 0.5 mm, 
and the repeatability of the system was noted to be no different 
when a skin fixation system was used [36]. The equipment itself 
does not impede the subject's movement. As the subject moves, 
the resistance of the potentiometers changes. This change in resis- 
tance is sampled at a frequency of 10 Hz by an analogue-to-digital 
converter (a sample rate of 10 Hz is adequate for the assessment of 
simple planar movements). The raw data is interpreted through a 
personal computer and displayed as a curve of angle against time. 
A QBasic program was then written to calculate the velocity char- 
acteristics. 

Test procedure 

This study was approved by the local ethical committee, and all 
subjects gave informed written consent. Before testing, subjects 
were asked to record their resting pain levels on a visual analogue 
pain scale. Testing was performed with the subject minimally 
clothed and barefoot. Each subject was asked to stand looking 
straight ahead with the feet 0.2 m apart, and the potentiometers 
were set to this resting posture. Prior to recording, each subject 
performed a practice movement to ensure comprehension of the 
test procedure. No further warm-up procedure was performed, 
since many LBP subjects are not able to tolerate both a warm-up 
procedure and the test, and the work of Dvorfik et al. [7] did not 
find conclusive evidence that stretching prior to measuring in- 
creased ROM. After the practice movement, each subject per- 
formed a series of three unconstrained movements, at their pre- 
ferred pace, in each plane of motion, within their limits. Preferred 
pace was chosen, as opposed to maximal performance. Preferred 
motion characteristics have been shown by Mclntyre et al. [25] to 
be equally consistent in both normal and LBP subjects, and are be- 
lieved to portray a more realistic measure of a subject's functional 
ability, since during daily function people rarely perform at their 
optimal level. Tests of physical performance rely on the subject's 
co-operation and motivation to perform the test; these parameters 
were, however, not assessed. The test order was the same for each 
subject, namely a rotation arc, followed by a lateral bending arc 
and finally a flexion-extension arc. 

Analysis 

Each test procedure is displayed graphically as a curve of angle 
against time. A typical output curve from a flexion-extension test 
in a normal subject is shown in Fig. 2. The initial step in the analy- 
sis was to calculate the maximum ROM that could be determined 
from the apex of each curve. The output curves were then divided 
into their principal components, i.e. left and right rotation and lat- 
eral bending respectively, and flexion and extension. In turn, each 
component was subdivided into two phases, a descent phase, taken 
as the interval from the upright position to the 90% point of maxi- 
mum ROM, and an ascent phase, taken as the 90% point of maxi- 
mum ROM to the upright position. The apex of each curve was 
considered to be a turning phase and was ignored. For each phase 
the mean velocity was calculated. 

Statistical analysis 

The statistical analysis was performed using the statistical package 
Stata (Stata Corporation, Texas) on a personal computer. The mo- 

~D ,-& 

80 

60 

40 

20 

0 

-20 

-40 

~ ~ ~  * Normal subject ROM 
Flexion 

u LBP subject 

r ' - :  , , K J ,  

i 2 N .... 4 ~ 

~-- ROM /~ 
Extension / ~ 

Time (seconds) 

Fig.2 Differences in the shape of the output curves generated by 
a normal and an acute low back pain (LBP) subject during an an- 
tero-posterior flexion-extension test (ROM range of motion) 

tion characteristics of the normal subjects and the LBP subjects as 
a whole were compared using the Student t-test, since using the 
Shapiro-Francia W ] test the distribution of the data was found to be 
normal. However, to consider the effect of diagnosis on motion, an 
analysis of variance (ANOVA) was performed and multiple re- 
gression models were generated to compare each LBP diagnostic 
group with the normal population (age and sex differences be- 
tween groups were accounted for). The possibility of any interac- 
tion effects for age, sex and classification group were also investi- 
gated. 

R e s u l t s  

O n  ini t ia l  i n spec t ion  o f  the  cu rves  o f  m o t i o n  f r o m  ran- 
d o m l y  se lec ted  subjec ts ,  there  appea red  qua l i t a t i ve ly  to be  
t w o  d i s t inc t ive  shapes  o f  ou tpu t  cu rve  g e n e r a t e d  dur ing  an 
A - P  f l e x i o n - e x t e n s i o n  test  (Fig.  2). T h e  typ ica l  c u r v e  gen-  
e ra ted  by  n o r m a l  subjec ts  r e s e m b l e d  an a s y m m e t r i c  s inu- 

so idal  curve ,  w i th  the a s y m m e t r y  be ing  a resul t  o f  sub-  
j ec t s  d e m o n s t r a t i n g  a g rea te r  r ange  o f  f l ex ion  than  ex ten -  
sion.  T h e  ou tpu t  c u r v e  o f  n o r m a l  subjec ts  tends  to d e m o n -  
strate a smoo th ,  con t ro l l ed  mo t ion ,  whi l s t  the typ ica l  out-  

put  cu rve  f r o m  a sub jec t  wi th  acute  L B P  shows  a m a r k e d  
l imi t a t ion  in R O M  and a s taged  de scen t  into f l ex ion  and 
ex tens ion ,  w i th  a rap id  ascen t  f r o m  the pos i t i on  o f  m a x i -  

m u m  R O M .  This  sugges t s  that  L B P  sufferers  h a v e  diff i-  
cu l ty  m o v i n g  and are unsure  o f  h o w  fast  or  h o w  far  they  
can  m o v e ,  pos s ib ly  due  to e i the r  pa in  or  fear  o f  pain.  The  
m e a n  res t ing  pa in  score  (as m e a s u r e d  on  the v i sua l  ana-  
l o g u e  scale)  o f  the L B P  subjects  was  5.1 + 2.8. Visua l  
ana logue  pa in  sca le  ra t ings  w e r e  found  to be  s ign i f i can t ly  
co r re la ted  wi th  m o t i o n  (P < 0.05),  bu t  the ra t ings  o f  pa in  
w e r e  o n l y  able  to a ccoun t  fo r  a v e r y  smal l  p e r c e n t a g e  
(less than  10%) o f  the  var iab i l i ty  seen.  N o  c lea r  d i f fer-  
ences  w e r e  seen  in the shapes  o f  the ro ta t ion  and la tera l  

bend ing  curves ,  a l t hough  pa t ien ts  w i th  b a c k  pa in  ap- 
pea red  to m o v e  s o m e w h a t  s l o w e r  than  normals .  
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Range  o f  mot ion  data  

Ana lys i s  of  the R O M  data  revea led  that LBP subjects  
demons t ra ted  a reduct ion in R O M  compared  with controls  
in all p lanes  of  motion,  as can be  seen f rom Fig. 3. These  
dif ferences  were  all s ignif icant ,  wi th  P < 0.0001. How-  
ever, the s tandard devia t ions  are re la t ive ly  large, and dot- 
plots of  the data  were  genera ted  to examine  the f indings in 
more  depth (Fig. 4). These  dotplots  revea led  that there is 
cons iderab le  over lap  be tween  the groups in all p lanes  of  
motion.  This suggests  that a l though the mean  behav iour  
o f  LBP  sufferers differs f rom that of  normals  indiv idual  
measurements  of  mot ion  character is t ics  m a y  not  be very  
sensi t ive in ca tegor is ing  indiv idual  patients,  l imi t ing the 
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Fig.4 Scatterplot of ROM flexion in each population demon- 
strates that both the normal and LBP populations described have a 
normal distribution. However, it can be seen from this plot that 
there is considerable variability in values of ROM flexion in both 
populations, such that although statistically there are significant 
differences between the two groups, clinically it would be difficult 
to use measures of ROM to differentiate between a normal and an 
LBP subject 

rout ine cl inical  usefulness  of  these measurements  on indi-  
v idual  pat ients  for  d iagnost ic  purposes .  

It was thought  that some of  the var ia t ion seen in the 
LBP popula t ion  could  be due to the under ly ing  pathology,  
and so the effect  of  d iagnosis  on mot ion  was invest igated,  
and the dynamic  output  curves of  the f ive different  diag-  
nost ic  groups are compared  with normals  in Fig.  5. Con-  
s ider ing ini t ial ly the c lass i f ica t ion sys tem based  upon un- 
der ly ing  pathology,  s ignif icant  differences were  seen be- 
tween diagnost ic  groups (Fig. 6, Table  2). These  differ- 
ences accounted  for 12-24% of  the var iabi l i ty  seen in the 
data, depending  on the plane o f  mot ion  under  examina-  
tion. Subjects  d iagnosed  as having stenosis,  D D D  or DP 
showed signif icant  differences f rom the normal  popula-  
t ion in terms of  R O M  of  f lexion and extens ion (P < 0.05), 
whereas  those having a d iagnosis  of  N S L B P  or spondy-  
lol is thesis  d id  not. Instead,  subjects  with ei ther  N S L B P  or  
a spondylo l i s thes is  showed a t rend o f  greater  R O M  than 
the normal  populat ion.  W h e n  the other planes  of  mot ion  
were invest igated,  all d iagnost ic  groups were  s ignif icant ly  
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Fig. 5 The mean ROM flexion (degrees) in each diagnostic group 
(NSLBP non-specific low back pain, DP disc prolapse, DDD de- 
generative disc disease, Spond spondylolisthesis, Steno stenosis) 
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Table 2 Range of motion 
(ROM) values (degrees) for 
each diagnostic group in each 
plane of motion, presented as 
mean + SD (Spond spondy- 
lolisthesis) 

Normal 
NSLBP 
DP 
DDD 
Spond 
Stenosis 

Flexion Extension Left Right Left Right 
lateral lateral rotation rotation 
bending bending 

203 56 .7+11.2  23.8+ 8.4 31 .8+6.3  32.0+ 6.5 27.6+ 8.1 27.0_+ 7.5 
25 58.1 + 18.0 18.2 + 12.3 24.6 + 7.7 27.0 + 8.3 19.4 + 10.5 18.9 + 10.1 
33 46.0 + 16.6 15.8 + 8.6 26.0 + 6.8 26.7 + 7.2 18.6 + 8.3 17.7 + 7.6 
57 47.5 + 15.6 14.0 + 7.7 23.7 + 6.0 23.0 + 6.7 17.5 + 7.2 16.4+ 6.7 
12 62.4 + 17.7 19.6 + 7.1 25.0 + 9.1 27.3 + 8.2 18.4 + 9.6 17.1 + 8.5 
11 33 .8+18.5  9 .3+ 5.8 19.7+7.8  21 .3+11 .0  15.4+10.4  15.4+ 8.7 
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Fig.7 Mean velocity characteristics of each phase of flexion and 
extension in normal and LBP subjects 

less  f l ex ib l e  than  the  n o r m a l  p o p u l a t i o n  in bo th  la tera l  
b e n d i n g  (P < 0.01)  and ro ta t ion  (P < 0.0001) .  T h e  pres-  

ence  o f  any in te rac t ion  e f fec ts  b e t w e e n  age,  sex  and d iag-  

nos t i c  g roup  w e r e  e x a m i n e d ,  but  no s ign i f i can t  in terac-  
t ions  w e r e  ident i f ied .  

Ve loc i ty  charac te r i s t i cs  

W h e n  the  m e a n  v e l o c i t y  charac te r i s t i cs  o f  the n o r m a l  and 
L B P  p o p u l a t i o n  w e r e  c o m p a r e d ,  h i g h l y  s ign i f i can t  d i f fer-  
ences  b e t w e e n  the  two  g roups  w e r e  seen  in all  p l anes  and 
al l  phases  o f  m o t i o n  (P < 0 .0001) .  F i g u r e  7 i l lus t ra tes  the 
m e a n  f l e x i o n  de scen t  v e l o c i t y  resul ts ;  de ta i l s  o f  m e a n  ve-  
loc i ty  charac te r i s t i cs  for  the o the r  phases  o f  A - P  f l ex ion -  
ex tens ion ,  la tera l  b e n d i n g  and ro ta t ion  are t abu la ted  in Ta- 

bles  3, 4 and 5. 
T h e  e f fec ts  o f  d i agnos i s  on  m e a n  v e l o c i t y  charac te r i s -  

t ics r e v e a l e d  that  in ro ta t ion  and la tera l  bend ing ,  all  d iag-  
nos t i c  g roups  w e r e  s ign i f i can t ly  d i f fe ren t  f r o m  n o r m a l  
(P  < 0 .0001)  in all  phases  (Tables  2, 3). H o w e v e r ,  in A - P  
f l e x i o n - e x t e n s i o n ,  all  g roups  e x c e p t  for  the  spondy lo l i s -  
thesis  g roup  s h o w e d  s ign i f i can t  d i f f e rences  f r o m  n o r m a l  
(P  < 0 .0001;  Fig.  8). T h e  spondy lo l i s thes i s  g roup  d i f fe red  

Table 3 Motion velocity char- 
acteristics (degree/second) dur- 
ing an A-P flexion-extension 
test (mean + SD) 

Table 4 Mean velocity char- 
acteristics (degree/second) dur- 
ing a lateral bending test (mean 
+ SD) 

Normal 
NSLBP 
DP 
DDD 
Spondylolisthesis 
Stenosis 

Normal 
LBP 
NSLBP 
DP 
DDD 
Spondylolisthesis 
Stenosis 

Flexion Flexion Extension Extension 
descent ascent descent ascent 
velocity velocity velocity velocity 
i f /s) i f /s) i f /s) i f /s) 

203 31.9 + 12.5 46.5 + 17.4 27.0 + 16.7 28.6 + 13.6 
25 24.4 + 13.6 32.5 + 19.8 12.8 + 10.3 19.7 _+ 15.5 
33 17.1 + 12.0 17.1 + 12.0 11.6 + 10.0 16.4 + 11.9 
57 18.1 + 10.2 25.4 + 14.0 11.2 + 8.3 16.8 + 12.4 
t2 25.1 + 12.6 32.4 + 15.0 13.7 + 6.5 27.9 + 13.7 
11 10.5 + 8.1 15.3 + 14.5 6.0 + 4.5 11.3 + 12.1 

n Left lateral Left lateral Right lateral Right lateral 
bending bending bending bending 
descent ascent descent ascent 

203 24.6 + 9.7 41.7 + 12.0 36.4 + 15.7 40.8 + 13.4 
138 14.4 + 8.0 25.5 + 12.4 20.0 + 12.2 24.1 + 13.2 
25 15.5+8.0  26.5+ 12.7 21.6+ 11.2 24.4+ 12.5 
33 16.4 + 8.9 28.6 + 13.6 21.1 + 15.0 28.7 + 16.0 
57 13.8+6.7  25.0+ 10.7 20.0+ 11.1 23.4+ 10.4 
12 15.4 + 7.8 25.2 + 9.7 21.0 + 9.2 24.2__+ 9.4 
11 10.5+4.6  21 .1+10.7  15.0+ 9.8 17.3+__ 9.2 
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Table  5 Mean velocity char- 
acteristics (degree/second) dur- 
ing a rotation test (mean + SD) 

Normal 
LBP 
NSLBP 
DP 
DDD 
Spondylolisthesis 
Stenosis 

Left Left Right Right 
Rotation Rotation Rotation Rotation 
Descent Ascent Descent Ascent 

203 26.6 + 13.3 29.0 + 15.7 36.9 + 19.9 25.0 + 12.1 
138 11.9 + 8.5 14.8 + 10.3 15.1 + 11.7 13.3 + 8.6 
25 12.0 + 9.3 16.7 + 14.4 16.6 + 12.2 16.5 + 11.9 
33 12.9+ 9.6 15.9+ 11.3 17.4+ 16.9 13.4+ 9.9 
57 11.1 + 6.7 14.1 + 8.2 14.3 + 8.8 12.5 + 5.9 
12 14.7 + 12.7 14.3 + 8.2 13.5 + 7.3 13.3 + 8.2 
11 9.1+ 5.1 11.4+ 8.5 11.2+ 7.1 9.6+ 6.8 
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Fig. 8 Mean flexion descent characteristics in each diagnostic group 

from normal only during mean flexie,n descent, and ascent 
(P < 0.05). These diagnostic differences accounted for 
21-35% of the variability seen in the data, depending on 
the plane and phase of motion. 

Discussion 

The mobility of the vertebral column has been a focus for 
study by researchers for over a century, and controversy 
still exists as to the best method of assessment. Numerous 
techniques for assessing spinal ROM have been docu- 
mented in the literature [2, 10, 12, 13, 17, 28, 32, 35, 37]; 
however, there are major limitations with the majority of 
these techniques. The primary limitation relates to the fact 
that most of  these methods are static in nature and are ca- 
pable of measuring in only one plane of motion. 

This study has investigated the dynamic motion char- 
acteristics of the lumbar spine using a computerised po- 
tentiometric analysis system in all planes of  motion. The 
results of this work, as reflected in the output curves gen- 
erated by the apparatus, have shown that there are charac- 
teristic differences in the motion characteristics of the 
normal and LBP populations. In clinical practice, subjects 
with LBP often exhibit slow, guarded motion, in contrast 
to normal subjects, who move smoothly and with ease. 

Quantitative assessment of the output curves has shown 
that there are significant differences in the flexibility and 

velocity characteristics of the normal and LBP popula- 
tion. LBP subjects demonstrate a restriction in ROM, and 
an impairment in mean velocity. The findings relate well 
to what is seen in clinical practice, and are in agreement 
with previous findings [19, 22]. The causes of these dif- 
ferences in motion are not known, but are thought to rep- 
resent either changes in the mechanics of the spine or a re- 
sponse to pain or fear of pain. Dvorfik et al. [6] noted a hy- 
pomobility in the LBP population, but attributed this to 
the fact that the LBP population was older than the normal 
population. Gomez et al. [11] felt that dynamic move- 
ments of  the trunk resulted from a complex of neuromus- 
cular synergistic co-ordination, motivation, skill, physio- 
logic strength and flexibility, and metabolic support. 
Therefore, the speed at which a subject moves is reflec- 
tive of all these factors and should be sensitive to any dys- 
function in one or more of these factors, although it will 
not be specific as to the cause of the impairment. Marras 
and Wongsam [19] postulated that LBP subjects tended to 
exhibit a limited ROM in an attempt to minimise the sta- 
tic load upon the spine, and that they demonstrated a re- 
duced velocity in an attempt to decrease the acceleration 
component of the trunk, and thus the resulting forces act- 
ing on the spine. 

Preliminary analysis of the motion data of the normal 
and LBP populations had suggested that velocity mea- 
surements may be more sensitive measures of impairment 
than ROM [23]. There was no evidence of this when a 
more detailed analysis was performed on a larger sample 
of the two populations. It is also interesting to note that 
subjects tend to exhibit greater velocities when moving to 
the right. It is felt that this phenomenon is a reflection of 
the test procedure. During the test procedure subjects 
move from the stationary position to the left, and from 
this position to the right without resting again in the up- 
right position. Moving to the right they do not have to 
overcome inertia and have already generated some mo- 
mentum as they return from the left position. 

Caution, however, is required when interpreting the re- 
sults of  this study, due to the large variation seen in both 
populations. Patients with LBP exhibit a wide range of 
motion characteristics. Although the mean behaviour of 
the LBP population as a group differs from the normal 
population, it is difficult to distinguish individual patients 
from normals with any degree of sensitivity. This finding, 
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therefore, limits the diagnostic usefulness of these mea- 
surements. 

The variation seen in the LBP population may be the 
result of classifying a variety of spinal disorders, at differ- 
ent stages in the disease process, as one group. The effects 
of diagnosis on motion were therefore investigated. Sta- 
tistical analysis revealed that diagnosis did have an influ- 
ence on spinal motion, but this varied with each different 
parameter of motion and only accounted for a small pro- 
portion of the variation seen. ROM appeared to be a more 
sensitive parameter in detecting differences between nor- 
mal subjects and pathologic diagnostic groups, with pa- 
tients suffering from spinal stenosis, disc prolapse, and 
degenerative disc disease showing the most marked dif- 
ferences from the normal. Subjects with a diagnosis of 
non-specific back pain showed very little deviation from 
the normal. However, subjects with a diagnosis of spon- 
dylolisthesis demonstrated a non-significant trend to hy- 
permobility, a feature previously noted by Bailey in 1947 
[3]. In contrast, Pearcy and Shepherd's [33] investigations 
into subjects with spondylolisthesis demonstrated a re- 
striction in motion at all intervertebral levels during flex- 
ion using biplanar radiography, although it was noted that 
the resultant movement was dependent on the grade of the 
spondylolisthesis and the severity of the symptoms. This 
suggests that future studies into this sub-division of the 
LBP population should specify the grade of the spondy- 
lolisthesis and the severity of the resultant symptoms. 
These results contrast with those of the study by Dvorak 
et al. [6], which noted that flexion-extension roentgeno- 
grams were unable to distinguish between four pathologic 
patient groups. A recent study by Marras et al. [20], how- 
ever, proposed that motion models could be used to diag- 
nose low back disorders, but further validation of these 
models is required. In this model, complex non-linear 
boundaries are generated between diagnostic groups which 
suggests that, as has been seen in this study, there is great 
variability within diagnostic groups. 

The measurement technique itself has been shown to 
be reproducible. The intersubject variation in each popu- 
lation and each diagnostic group may limit the usefulness 
of a single measurement on a patient, but it is precise 
enough to be able to detect relatively small changes in se- 
rial measurements. Therefore, it is felt that the real bene- 
fit of these measurements will be in evaluating the out- 
come of different interventions in different diagnostic 
groups. 

Conclusion 

This study has shown that there are significant differences 
between the motion characteristics of the normal and LBP 
populations. However, due to the heterogeneous nature of 
both populations, there is great variability within the two 
groups, limiting the clinical usefulness of these measure- 
ments in differentiating between a normal and an LBP 
subject. Some of the variability seen in the LBP popula- 
tion is attributable to different pathological processes. 
ROM appeared to be a more sensitive parameter than ve- 
locity in detecting differences between diagnostic groups, 
and it appeared that patients suffering from spinal steno- 
sis, disc prolapse and DDD showed the most marked dif- 
ferences from the normal population. This finding is of in- 
terest, since it is these categories of back pain patients that 
tend to require surgery. However, clinical diagnosis can- 
not be based on measurements of motion alone. This 
study suggests that motion analysis may provide useful 
surgical indicators and offer a reliable outcome measure 
in surgical evaluation. This, however, requires further in- 
vestigation. 
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